International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

Investigation of Microleakage by Conventional and
Er: YAG Laser Cavity Preparation

Violeta Dogandziyska, PhD

Department of Conservative Dentistry, Faculty of Dental Medicine, 1 blvd “St. George Sofijski”, 1431 Sofia, Bulgaria
Email: Dogandzhiyska[at]gmail.com

Abstract: Recurrent caries is one of the most common problems after tooth restorative procedures. Despite improvements to resin
composite formulations over the years, polymerization shrinkage of the resin matrix is still considered highly relevant in unsuccessful
resin composite direct restorations. Therefore, pretreatment of the tooth surface is essential to establish a strong bond between resin and
both enamel and dentine. The standard approach for enamel pre - treatment is acid etching. Some researchers have explored the use of
lasers to modify the surfaces of teeth intentionally, to improve bonding of restorations. The effect of laser irradiation on surface
characteristics is not still completely revealed if it beneficially alters surface specifications or not, and needs more investigations to show
if it results in increasing or decreasing the microleakage in comparison to conventional chemical acid etching procedures. The aim of
our in vitro study was to investigate the marginal leakage of class V cavities prepared by conventional diamond bur and Er: YAG
laser.45 single rooted intact extracted human teeth were used. They were randomly assigned into three groups, dependent on the
preparation technique: Group | (n=15) — diamond bur + total - etch technique; Group Il (n=15) — Er: YAG laser + total - etch
technique; Group Il (n=15) — Er: YAG laser + laser etching. Microleakage was assessed according to the depth of dye penetration
along the restoration at x 15 magnification. None of the procedures investigated on our study completely eliminated the microleakage.
The extent of dye penetration was lowest in the laser - treated and acid - etched group (Group I1). The results of our study revealed that

the laser irradiation can modify the morphology of the cavity walls and increase the bond strength with the composite filling.
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1. Introduction

Recurrent caries is one of the most common problems after
tooth restorative procedures. Many authors have attributed
recurrent caries, pulp inflammation and necrosis to
microleakage. Despite improvements to resin composite
formulations over the years, polymerization shrinkage of the
resin matrix is still considered highly relevant in
unsuccessful resin composite direct restorations. Therefore,
pretreatment of the tooth surface is essential to establish a
strong bond between resin and both enamel and dentine.
Since the report of Buonocuore, the standard approach for
enamel pre - treatment has been acid etching. Effective
adhesion to enamel has been achieved with relative ease and
has repeatedly proven to be a durable and reliable clinical
procedure for routine applications in modern adhesive
restorative dentistry [13, 15]. The formation of a hybrid
layer and resin tags is essential to the establishment of a
strong bond at dentine level. One way of achieving this is by
a complete dissolution of the smear layer and the
demineralization of intertubular and peritubular dentine by
means of acid - etching, resulting in an exposed collagen
matrix that is infiltrated by resin that polymerizes in situ.

Some researchers have explored the use of lasers to modify
the surfaces of teeth intentionally, to improve bonding of
restorations [2, 3, 6, 9, 11, 12]. With the introduction of the
Er: YAG laser, in contrast to other available lasers, it
became possible to remove dentine and enamel more
effectively and efficiently. Thermal damage was reduced,
especially in conjunction with water spray. Moreover, cavity
pre - treatment with Er: YAG laser (laser - etching) was
proposed by some authors as an alternative to acid - etching
of enamel and dentine: laser irradiation of enamel and
dentine has been reported to yield an anfractuous surface
(fractured and uneven) and open tubules, both apparently
ideal for adhesion [19]. Roughened dentine surfaces with

open dentinal tubules without smear layer production were
also reported by others. Next to cavity preparation, the
ablative effect of Er: YAG laser light in healthy enamel and
dentine could also be used for modifying the dental surfaces
and eliminating the need for acid - etching [1, 8]. But the
effect of laser irradiation on surface characteristics is not
still completely revealed if it beneficially alters surface
specifications or not, and needs more investigations to show
if it results in increasing or decreasing the microleakage in
comparison to conventional chemical acid etching
procedures.

2. Material and Methods

The aim of our in vitro study was to investigate the marginal
leakage of class V cavities prepared by conventional
diamond bur and Er: YAG laser.

45 single rooted intact extracted human teeth were used.
They were randomly assigned into three groups, dependent
on the preparation technique. All the prepared cavities were
class V, positioned on the buccal tooth surfaces above the
enamel - cement junction with size: 2x2x2 mm, as follows:

Group | (n=15) — Preparation with a diamond bur (Ne 18,
A4M 0483 Strauss FG Dia) and air - turbine with water
cooling. All samples were treated with 37% phosphoric acid
for 15 sec. and rinsed with water for 15 sec.

Group Il (n=15) — Preparation with Er: YAG laser A= 2940
nm (Litetouch, Syneron Medical Itd.).

Irradiation parameters:
Enamel — 700 mJ; 12 Hz; 8, 40 W; non - contact mode;
water cooling
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Dentin — 400mJ; 20 Hz; power 8 W; non - contact mode;
water cooling

All samples were treated with 37% phosphoric acid for 15
sec. and rinsed with water for 15 sec.

Group 111 (n=15) — Preparation with Er: YAG laser A=2940
nm (Litetouch, Syneron Medical Itd.).

Irradiation parameters:

Enamel — 700 mJ; 12 Hz; 8, 40 W; non - contact mode;
water cooling

Dentin — 400mJ; 20 Hz; power 8 W; non - contact mode;
water cooling

All samples were laser - etched for 15 sec. with the same
laser and irradiation parameters: 100 mJ; 20 Hz; 2 W.

After application of bonding agent (Adper Single Bond 2),
all cavities were restored with composite resin (Valux, 3M
ESPE). After polishing the restorations, teeth were stored in
distilled water at 37 °C for 24 h, thermocycled from 5-55 °C
for 500 cycles and coated with two layers nail polish 1 mm
shorter of the restoration margins in order to prevent the
leakage and false positive results. Samples were placed in a
2% methylene blue for 24 h at 37 °C, rinsed with water and
longitudinally sectioned. Microleakage was assessed
according to the depth of dye penetration along the
restoration at x 15 magnification. These were evaluated by
two blinded evaluators who assigned a microleakage score
(0 to 3), as follows:

0 - no dye penetration

1 - dye penetration along the interface to 1/2 the depth of the
cavity wall

2 - dye penetration to the full depth of the cavity wall, but
not including the axial wall

3 - penetration to and along the axial wall

Statistical analysis was done with SPSS 19.0 statistical
software package, using One - way ANOVA test.

3. Results

The results of dye microleakage in each group are presented
in Table 1 (Table 1).

Table 1: Microleakage scores obtained for each
experimental group (n=15)

Score
Group 0 1 2 8
Group | 6,7% | 26,7% | 36,7% | 30,0%
Group Il 16,7% | 43,3% | 10,0% | 30,0 %
Group I 20,0% | 23,3% | 26,7 % | 30,0%

None of the procedures investigated on our study completely
eliminated the microleakage. The extent of dye penetration
was lowest in the laser - treated and acid - etched group
(Group I1). We determined lower microleakage score for
laser - prepared and laser - etched cavities (Group I11) than
for preparations with diamond bur and air - turbine (Group I)
(Figure 1).

19
2
| 1.53 1.66
15 _
| I
1 [ | Il
0.5
0 _
GROUP T
I GRICI’LT GROUP
m
MICROLEAKAGE/ mm

Figure 1: Microleakage results of experimental groups

There is no statistically significant difference in
microleakage between the three experimental groups (p > 0,
05).

4. Discussion

Microleakage is among the most important challenges in
restorative dentistry. Uncompleted diffusion of adhesive
resin component via the outermost demineralized dentin will
lead to non - resin infiltrated collagen networks low
hydrolysis, the process that weakens the resin—collagen
network over time. Decreasing or removing the collagen
network in resin - dentin interface can improve the strength
of bond and reduce marginal microleakage [14, 16, 17, 18].

The surface treated with an Er: YAG laser is clean, sterile,
chalky and microscopically scratched to a depth of 70 pm
[10]. The scientific studies found a minimal amount of
debris and smear layer, in comparison with the conventional
drill preparation, where 1 - 5 pum thick smear layer was
formed. The smear layer decreases the bonding strength with
the restorative material. Cavities prepared with a laser are
ideal for definitive fillings of composite, glass - ionomer
cement, compomer and ormocer. The studies of bond
strength and marginal sealing of Er - laser - prepared cavities
present conflicting results. Some authors recommended a
technique of "laser etching". The conditioning of the enamel
is achieved by using the lowest possible energy value,
shortly before the ablation threshold is reached. Most
studies, concluded that once Er: YAG laser radiation
removes all organic ingredients, the formation of a hybrid
layer is impossible. Only free adhesive tags inside the
dentinal tubules were established [7]. The strength of the
mechanical connection is deteriorated, the mechanical bond
between the dental hard tissue and the composite material is
decreased. This requires additional acid etching of the laser
treated surface. It has been proven that laser treatment
achieves 75% of the effect of the total acid etching. Due to
the advantages of laser radiation on intertubular dentin and
the higher acid resistance of irradiated dentin compared to
the acid - treated, the self - etching adhesives are considered
unsuitable [4, 5]. The limited effectiveness of the self -
etching primer on the laser - irradiated dentin may be due to
the limited ability of the acid monomers to demineralize the
laser - modified surface layer and to transform the resulting
morphological forms. Thus, a total etching technique is
recommended. It ensures the presence of a microregular
surface and opened dentinal tubules are microscopically
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demonstrated, as well as a hybrid layer and adhesive tags in
the dentinal tubules. The aim of the current research was to
to investigate the marginal leakage of class V cavities
prepared by conventional diamond bur and Er: YAG laser.
The results revealed that the laser irradiation can modify the
morphology of the cavity walls and increase the bond
strength with the composite filling. The use of conventional
diamond bur for cavity preparation yielded higher degree of
marginal leakage as compared with both Er: YAG laser
treated surface - with or without acid etching. It can be
concluded that the application of high - energy laser
irradiation may result in less microleakage than conventional
methods of cavity preparation, especially combined with
total - etch technique.

5. Conclusions

Certain lasers can modify the morphology of the cavity wall
and increase the bond strength with composite fillings.
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